The ATLAS Inner Detector (ID) consists of two silicon subsystems, the Pixel detector and the Semiconductor Tracker (SCT), complemented by the Transition Radiation Tracker (TRT) which is composed of drift tubes.
Neglecting the module deformations, for each module 6 alignment degrees-of-freedom (DoF) can be defined: 3 translations of the center of the module (Tx,Ty,Tz) and 3 rotations around the Cartesian axes (Rx,Ry,Rz). In order to address the realistic misalignments of the detector, the alignment is done at different levels of granularity motivated by the mechanical structure of the ID [2].
Following algorithms have been developed and validated in the ATLAS offline software framework. All are based on the residuals of the reconstructed hits on tracks.
• Global Â 2 : It is the baseline alignment algorithm, which simultaneously fits all particle track parameters and alignment parameters by minimizing a large Â 2 . It requires solving linear systems of the size equal to the number of the alignment DoFs. At level 3 they become very large.
• Local Â 2 : Solve a linearized equation for each detector modules separately; only requires the inversion of a 6×6 matrix per alignable structure.
Computing Challenges
 Data are processed in parallel on multiple CPUs, then merged to obtain the final matrix and vector. An infrastructure of running parallel jobs on the Grid has been used too [3] .  Depending on the granularity of the alignment, different matrix solving techniques are used, such as Lapack, ScaLapack, MA27 etc. The number of matrix DoFs can be quite huge and can be far from sparse, then solving is very computationally intensive. New techniques (such as GPUs) are under investigation.
Constraint Tools
 Constraints are needed to allow for a solution to an inherently singular matrix problem. Actually these singularities are corresponding to the weak modes.  They are essential for high quality alignment. Currently the constraints from beam-spot and vertex, from high quality electron E/p, from Muon Spectrometer standalone momentum measurement, have been implemented and being used. More constraint methods are in preparation. Some global distortions preserve the helical trajectory of tracks and consequently track-based alignment algorithms are insensitive to them. These are called "weak modes" of alignment. 
Overall Residuals
We have basically obtained perfect residuals (see the right plots), which indicates the algorithms are working correctly. Now we are focusing on effects that are beyond just getting the residuals correct [5].
Z μμ Decay
For the 2011 summer reprocessing, a new constants set employed E/p constraint was derived. Preliminary results indicate significantly improvement from this new constants set especially in the endcap regions, and its performance is quite close to the MC perfect geometry already [4] .
